Most reporting of stock status accumulated at a national or regional level gives statistics on what proportion of the stocks are below some abundance threshold or above some fishing mortality rate threshold. This approach does not convey useful information on the performance of the fisheries management system in maximizing long-term sustainable yield, which is the primary objective of most national and international fisheries legislation. In this paper, I present a graphical approach for representing how much yield is being lost as a consequence of current suboptimal abundance and fishing pressure. Using the EU stocks assessed by ICES as an example, I show how traditional criteria for overfished and overfishing fail to display realistic information about the performance of the fishery. This approach provides much more useful information for the public and policy makers.
Introduction
For several decades, national and international agencies have described the overall status of fish stocks and have almost exclusively based this upon the abundance of the fish stock relative to some reference point. For instance, the 2016 report by FAO on the status of fish stocks reports three categories: (i) overfished, (ii) maximally sustainably fished, and (iii) underfished. All of these categories are based on biomass relative to the reference point of stock size that will produce maximum sustainable yield (B MSY ) (FAO, 2016) . FAO considers a maximally sustainable fished stock to be between 0.8 and 1.2 B MSY , an overfished stock to be <0.8 B MSY , and an underfished stock to be >1.2 B MSY . For US federally managed fisheries, NOAA reports on what fraction of stocks are overfished (https://www.fisheries.noaa.gov/featurestory/status-stocks-2017), usually defined as being <0.5 B MSY , though the exact ratio differs by region and type of stock. NOAA also defines overfishing as a fishing mortality rate being greater than the level that would produce MSY. New Zealand has essentially the same definitions as the US (MFNZ, 2008) except that they define stocks <0.5 B MSY to be "depleted" rather than overfished, as they recognize that stocks may be at low abundance for reasons other than fishing pressure. The European Commission has no formal policy for classifying stock status, but Froese et al. (2018) have recently described the status of stocks in Europe and have stated that any stock with F > F MSY or B < 0.5 B MSY as overfished or beyond safe biological limits.
Most classification systems use MSY as a reference point because most national legislation and international agreements have MSY as the default objective for fisheries management. In the United States, the Magnuson-Stevens Act (ACT, 1996) specifies several purposes which include "maintain, on a continuing basis, the optimum yield from each fishery." The Act further states that "optimum yield" means the amount of fish which "is prescribed as such on the basis of the maximum sustainable yield from the fishery, as reduced by any relevant economic, social or ecological factor." Hence, the default is maximum sustainable yield in the absence of specific economic, social, or ecological factors.
The international Law of the Sea specifies that fisheries management measures "shall also be designed to maintain or restore populations of harvested species at levels which can produce the maximum sustainable yield." The general intention of these classifications is to inform fishery managers and the public which stocks are in need of rebuilding (overfished stocks) and which have the potential for more intense harvesting (underfished stocks). There are a number of deficiencies in this approach.
A key problem with choosing a biomass threshold to define "overfished" is that fish stocks fluctuate naturally and, if managed to produce MSY, will fluctuate around B MSY . Indeed, we would expect stocks managed to achieve MSY to be <B MSY roughly onehalf of the time. Using a meta-analysis of the amount of variability in recruitment and the auto-correlation of this variability, Thorson et al. (2015) estimated that stocks managed to produce MSY would be <B MSY 60% of the time and <0.5 B MSY 8% of the time. Thorson's calculations were conducted assuming perfect control of the exploitation rate and perfect assessment of the stock size, so uncertainties in science and management would undoubtedly make the frequency of dropping <0.5 B MSY greater than 8%. Thus, to label any stock <B MSY (or even <0.8 B MSY ) as overfished may be deceptive from either the perspective of supplying management advice or from conveying to the public how fisheries are performing.
Because stocks may be at low abundance due to natural variation in recruitment or survival, managers actually look at fishing mortality as the more important metric to determine a need to change management. In the United States, NOAA also reports on "overfishing," which is defined as the rate of harvest being greater than that which would produce MSY. Since managers can only directly control harvest, when harvest rates are above the level that produces MSY, they need to be reduced, and when stocks are at particularly low abundance, harvest rates should be dramatically reduced to allow the stocks to rebuild more rapidly.
Hence, the real use for overfished classifications is reporting to the public and government officials on the overall status of fish resources, not in providing management advice for individual stocks. There is a real need to identify how fisheries are performing, with respect to both yield, but also social and economic objectives. However, social and economic objectives are highly specific to individual fisheries and countries. Hence, in what follows, I will suggest a method of reporting the status of fisheries on fish stocks and the performance of the fisheries management system relative to production of maximum long-term sustainable yield.
Material and methods
I calculated lost yield at current fishing pressure or biomass by evaluating equilibrium yield at current fishing pressure or biomass compared to MSY yield. I used the Pella and Tomlinson (1969) biomass dynamics model, which has been used previously for this purpose (Branch et al., 2013; Hilborn and Costello, 2018) :
where m is the maximum sustainable yield, K is carrying capacity, n is a shape parameter that determines the ratio B MSY /K, B t is the biomass at time t, and C t is the catch at time t.
The value of / depends on n:
The Schaefer (1954) model has n ¼ 2, the Fox (1970) model has n ¼ 1, and Thorson et al. (2012) estimated using a metaanalysis of 147 stocks that the median is n ¼ 1.736:
So, the B t /K in Equation (1) is:
The fraction of potential yield lost at biomass B* is:
and the shape of this loss function is shown in Figure 1 for different models. If we define the exploitation rate U t as C t /B t , the fraction of potential yield lost at any fishing mortality rate U* (defined as U t / U MSY ) is:
The shape of lost yield vs. U* is shown in Figure 2 . We can calculate the status of a specific fishery with respect to its capability to produce the best long-term yield on the basis of either its current abundance or its current fishing pressure. We can then summarize, for a group of stocks, how the fishery as a whole is performing relative to the capability of the stocks to produce maximum possible yield. We can do this with respect to either current fishing mortality or current biomass for each stock.
We can do our lost yield calculations based on either fishing mortality (U*) or current biomass (B*). For a given collection of stocks, we can calculate performance across all stocks simply by weighting the yield for each stock by the MSY for that stock. If Y s is the fraction of the yield lost for stock s (calculated for both U* and B*), the fraction of total potential yield obtained is:
where T is the performance measure, and the fraction of yield lost (1 -T) will occur in two ways. If we are overfishing or have overfished stocks, then either U > U MSY or B < B MSY . If we are fishing too little, then U < U MSY or B > B MSY . We can thus separate potential yield into three groups: (i) yield that is being obtained at current U or B, (ii) yield that is lost from stocks fished too hard, and (iii) yield lost from stocks fished too lightly. This has analogies to the Goldilocks fairy tale where some porridge was too hot, some too cold, and some just right. Some stocks are fished too hard (too hot), some are fished too little (too cold), and the yield obtained at current conditions is "just right." We can undertake these calculations for each year, as shown in Figure 3 , which reflects results from such calculations using U/U MSY for Atlantic tuna and billfish stocks from data in the RAM Legacy Stock Assessment Database (http://ramlegacy.org/) assuming the Thorson value for n. This shows that, in the early 1950s, there was no yield lost from fishing too hard (U>U MSY ), and about 78% of the potential yield was lost from low fishing pressure. At the fishing pressure in the early 1950s, the long-term yield would have been about 22% of the potential. However, starting in the 1970s, fishing pressure increased, and there was some yield lost from fishing too hard, while the amount lost by fishing too lightly had diminished greatly. In the 1990s, the yield lost by both fishing too lightly and fishing too hard was on the order of 10%.
Of course, it is not possible nor necessarily desirable to actually catch MSY from all stocks. Some stocks may be too low in value to warrant full exploitation, and we may want to maintain exploitation rates below MSY for economic or environmental reasons. Similarly, some stocks may be intentionally fished harder than U MSY because they are part of a mixed-stock fishery.
Results
We can use this approach to examine the history of EU stocks assessed by ICES. This excludes the Mediterranean stocks that ICES does not assess and the non-EU stocks that ICES does assess. The results are shown in Figures 4 and 5 also using the Thorson median value of n.
These two figures show roughly similar pictures, with the fishing mortality plot showing more loss than the biomass-based plot. Post 2010, there is very little yield lost through excess fishing pressure or by stocks being at low abundance, although there is a growing trend of lost yield from low fishing pressure since the turn of the century. The biomass-based plot ( Figure 5 ) shows more potential yield (blue) and less red than the effort-based plot. This is because there were a number of stocks with relatively high effort, but, at the same time, relatively high biomass. This can be caused by increasing fishing pressure when U is high, but B has not declined to equilibrium levels, or stocks that encounter unusually good environmental conditions. The message for policy-makers and the public is that, overall, there is no need to further reduce fishing pressure and perhaps a need instead to identify how to increase exploitation on lightly exploited stocks. Nevertheless, some stocks may be fished too hard or be at low abundance, and improved management of these stocks requires ways to address the issue. However, combined across all of the stocks assessed, the losses from both excessive fishing pressure and diminished abundance are quite low.
For contrast, we can look at the trends of the number of stocks overfished by the US definition (B/B MSY < 0.5), the FAO definition (B/B MSY < 0.8), and the most conservative definition (B/ B MSY < 1) (Figure 6 ).
This graph suggests that overfishing is a serious problem regardless of the metric used and would tend to imply to viewers that there is an urgent need to reduce fishing pressure on an appreciable fraction of stocks and that substantial yield is being lost as a result of excess fishing pressure.
This perception would be strongly reinforced by Figure 7 , which shows the fraction of stocks with F > F MSY and is a dramatically different picture. This graph suggests that overfishing is a major and continuing problem.
Discussion
At a time when much fisheries policy seems to be guided by emotion and activist agendas, scientists need to communicate clearly to policy-makers and the public the scientific understanding of the status of our resources and the performance of fisheries management agencies. The often repeated "90% of fish stocks are overexploited or fully exploited" as a condemnation of the fisheries management performance is an example of both (i) the failure to communicate appropriate information and (ii) activist agendas.
Traditional methods of describing the impact of overfishing on fisheries production have not appropriately or effectively communicated the cost of overfishing. I suggest that the Goldilocks plots do communicate the heart of the real issue, which relates to the extent of lost potential fisheries production much more effectively and understandably. The calculation of lost yield has been reported before (Branch et al., 2013; Hilborn and Costello, 2018) , but systematically plotting it over time as an alternative to plotting the proportion of overfished stocks is new.
The Kobi plot has become a common method of displaying stock status; when the size of the points in the Kobi plot is proportional to potential yield (Worm et al., 2009) , it conveys considerable information about stock status. However, the extent of potential lost yield is not obvious from a Kobi plot, as the loss depends in a nonlinear way on the distance from the B MSY or F MSY target. The Kobi plot, while very useful within scientific circles, is often too complex for the public and policy-makers to grasp key implications.
Overfishing is a concern for more than just lost fish production. Any concerns about the status of species that are not abundant or commercially very important will not be captured by Goldilocks plots. The scientific community needs to consider how best to present information on the status of these smaller stocks as well.
The yield lost by underfishing or from stocks at high abundance is a more complex issue than yield lost from overfishing. When we use U/U MSY as a guide to potential increases in yield, some stocks may be at low abundance and rebuilding under low fishing pressure. Managers want to keep fishing pressure low while stocks rebuild, so the blue areas in the Goldilocks plot will show the potential increase in yield, but for stocks at low abundance, the policy prescription would not be an immediate increase in fishing pressure. When we use B/B MSY as the guide for underexploited stocks, the public and policy-makers need to understand that there are several factors that could result in underexploitation, and while the potential yield is certainly there, it may not be economically obtainable or desirable for reasons of ecosystem protection.
In summary, in the context of most national fisheries objectives, the primary concern about overfishing is the loss in potential yield. The Goldilocks plots provide a much more informative presentation of this loss than the traditional methods of reporting the status of individual stocks relative to any threshold abundance or fishing mortality. 
